The basic formulation of plane stress-analysis techniques for textiles imbedded in rubber is given both from the viewpoint of a load-carrying net and of a continuous elastic material with orthotropic properties. The developments are basically dissimilar, and yet it is shown that, for material properties commonly encountered in rubber-coated textiles, both theories predict essentially the same textile loads, although the stresses carried by the rubber matrix differ in the two theories. This shows that the network approach, which is by far the simpler of the two, is perfectly valid for purposes of estimating cord load in cord-rubber structural members.
Introduction
At least two techniques are in common use for the evaluation of cord loads in rubber-impregnated cord structures, such as commonly used in pneumatic tires and other rubberized structural members.
One point of view focuses on the network of textile cords, due to the fact that their elastic stiffness is so much greater than the rubber in which they are imbedded. The usual procedure is to completely neglect the presence of the rubber and to deal with the loads carried by the net alone. This process is straightforward but requires large and nearly unrestrained deformations of the net in order to accommodate biaxial stress states whose normal force resultants do not lie parallel to the cord network. This type of analysis is most common in two-dimensional or plane structures where the net may be treated as a two-dimensional set of lines and the membrane stress is determined accordingly. Little effort has been made to adapt such net formulations to bending-stress problems.
A second possible technique for conducting a stress analysis of a regular array of cords imbedded in some softer material is to consider the entire structure as an elastic continuum with the proper orthotropic elastic properties: In the case of twisted cords, such as commonly used in pneumatic tires, it is necessary to imagine that the cords are untwisted and the filaments uniformly dispersed throughout the matirx, so that the orthotropic elastic properties become continuous across the width and thickness of the body.in question. This avoids the mathematical difbculties of concentrated anistropy which is, of course, the true description of the material, and yet provides a reasonably accurate overall or gross picture of the deformation characteristics of the body in question. Such an approach neglects the local effects of the cords, but it does accurately represent phenomena averaged over at least several cord diameters and spaces.
This type of analysis has been pursued by a number of authors interested both in applications of cordreinforced rubber and in applications of fiber-and filament-reinforced materials of higher strength. Such materials have been studied in the plane case by Akasaka [1] , by Azzi and Tsai [2] , and by Clark [3] , while a complete theory has been given . by Resissner and Stavsky [6] . A thorough discussion of the elastic properties and stress-analysis techniques associated with this continuum approach to materials has recently been given by Hofferberth and Frank [5] . While some effort has been devoted to the study of bending characteristics in such materials, primarily by Reissner and Stavsky, most of the published information concerns membrane effect. Whitney [8] Under a general stress state, a portion of the total load is carried by the net and a portion carried by the matrix. The net loads are shown in Figure 2 . Figure 3 is a sequence of sketches illustrating the net and matrix both before and after application of some general load. In Figure 3 Figure 4 for notation, let the matrix stresses ts, y, and t, be referred to the original or unstrained area of the element. Let the ratios of final lengths to original lengths of the sides of the element be called extension ratios M, Xy, and x,. Then a good approximation to the stress-strain curve of rubber is shown by Treloar [7] Figure 5 into directions along the cords and perpendicular to them, as shown in Figure 6 .
The transformed stresses can be obtained from the well-known equations of a Mohr's circle analysis.
Rewriting Equations 29 and 30 in terms of Equa-. tion 28 gives the transformed stresses in terms of known quantities. In order to determine the fraction of this stress distribution carried by the cords and the fraction carried by the matrix, it is usef ul to recall that this continuum analysis is to be compared with the net analysis in which the cords are assumed to be inextensible. ,Thus, to a first approximation, the strain in the cord direction is assumed zero. Therefore, for ply 1, the strain in. the cord direction for the matrix is ' where it is assumed that all of 0'1 and r are carried by the matrix. R is the matrix stress in the cord direction,. However, since t. ~ 0, R ~ &dquo;&dquo;'1. Thus, in order for the strain in the cord direction to be approximately zero, there must be an additional stress u~l acting in the cord direction of the matrix. This implies that all of oe is not carried by the cord. Some of O'e, an amount equal to Nui, is carried by the matrix. Thus, the total stress carried by the cord is (0'. Assuming that the load carried by the cords is as given above, the stress distribution of Figure 6 can ' be re-examined, based on the distribution shown in Figure 7 . However, to compare the matrix stresses of Figure 7 with those of the net analysis (Eqs. 6 and 7), it is necessary to transform them back to the original principal directions and recombine them into a single stress distribution. Figure 8 
